Background: Although cardiac implantable electronic device (CIED) implantation is
| INTRODUC TI ON
The number of cardiac implantable electronic device (CIED) implantations has increased over recent years owing to ageing of the general population and increasing knowledge about ventricular arrhythmias and risk stratification for sudden cardiac death.
Implantable cardioverter-defibrillators (ICDs) have reduced sudden death in patients at risk of attributable ventricular arrhythmias.
Pacemakers improve quality of life in patients with bradyarrhythmias and reduce mortality in at-risk patients.
Although CIED implantation is considered to be minor surgery, almost 10% of the patients experience at least one complication.
1
In addition to venous access, leads and generator related complications, shoulder problems are another important complication.
2 Most patients have some discomfort at the site of the incision, and some may have mild ecchymosis after the procedure. After the recovery of the pocket, chronic shoulder pain and disability is commonly seen in patients with ICD.
3
Lead dislodgement happens most often in the first 24-48 hours following CIED implantation. As the localization of CIED is close to the pectoral muscles, lead movements involving the pectoralis major muscle might cause dislodgement. 4, 5 Therefore, some physicians prefer to immobilize the arm following implantation or restrict the arm movements above the shoulder level for a few weeks after implantation. 6 However, 2 RCTs have shown that early mobilization is safe and feasible, and some physicians encourage a full range of movement on the affected arm. 7, 8 Moreover, patients could self-restrict the arm movements and arm-related daily activities to a further degree or for a longer duration to avoid the risk of device malfunction or to decrease pain. 9 However, prolonged immobilization or restriction of the arm movements have been associated with the development of shoulder problems such as adhesive capsulitis. been studied in literature to date. 3, 9 The aim of this study was to determine the possible effects of the preference of the dominant side for CIED implantation on the ipsilateral superior extremity functions.
| ME THODS
This cross-sectional study was conducted on patients who had undergone a CIED procedure at least 6 months previously. Participants were selected randomly from the patients admitted to our cardiology department for regular follow-up visit between January and August 2015. Patients who were unable or reluctant to participate, and those with a history of shoulder pathologies which could restrict motion of upper extremity before CIED implantation were excluded from the study. In addition, patients with device implantation except for routine procedure such as subpectoral or intramuscular placement and venous cutdown technique were not enrolled in the study.
Cardiac resynchronization therapy devices were also excluded in the study due to a large number of confounding factors such as long im- 
| Implantation technique
The routine implantation technique which was performed only by 2 trained implanting physicians in our institution was described as advanced into the vein through the sheath. According to the implant device requirements, the leads will then be placed in the appropriate chambers. A pocket is created in the prepectoral subfascial position for placement of the generator and proximal parts of leads.
The generator is secured to the pectoral muscle with a loosely coupled non-absorbable suture to prevent migration of the generator.
Finally, the opening of the pocket and the superficial skin layer are closed with absorbable sutures. After the procedure, the patients undergo a 12 hours bed rest with the suggestion of sling immobilization. Before discharge, all the patients received standard of care instructions which included no lifting objects heavier than 3 kg and avoidance of raising the ipsilateral elbow above the shoulder level for 4 weeks.
| Shoulder and upper extremity evaluation
The shoulder pain (rest pain-activity pain-pain disturbing sleep) or discomfort of patients was assessed using the visual analogue scale (VAS) pain score which is a continuous scale ranging from 0 to 100 mm. 12 Higher VAS scores indicate worse pain and less shoulder Both shoulders range of motions (ROM) were measured for flexion, abduction, and external-internal rotation in a neutral position using a stainless steel goniometer. Each subject was seated on a stool and the examiner measured the ROM in each direction using a goniometer Degrees of reduced ROM in the shoulder joint in the arm on the side of the CIEDs were compared with the contralateral side.
Those with a lower angle than the ROM of contralateral shoulder were considered to be ROM limitations.
Hand function following CIED was assessed using a Jamar hy- tions. Both hands were tested because the non-device side hand grip was used as a control. The left hand was tested first, followed by the right hand. Maximum isometric grip strength measurements were repeated three times for each hand and the average of these three values was used in the analysis. To ensure sufficient recovery, at least 1 minute rest time was given between each contraction. All measurements were taken by the same physician. The Jamar dynamometer was held from the top and the bottom by the operator to ensure that the weight of the device itself did not affect the measurements.
| Statistical analyses
The a priori required sample size was calculated using the G Power total) in each group should be included in the study in order to reject the hypothesis of indifference. Continuous data were expressed as mean ± SD and categorical data were expressed as number (n) and percentage (%). Conformity of the data to normal distribution was assessed using the Kolmogorov-Smirnov and Shapiro-Wilk tests.
The Mann-Whitney U test and the chi-squared test were used for comparisons of the affected arm and the contralateral arm within a group and for comparisons between two groups. All statistical analyses were performed using SPSS vn 15 software. A value of P < 0.05 was considered statistically significant.
| RE SULTS
Evaluation was made for a total of 107 patients who had been living with a CIED for 6 months or more. Of those, 50 patients had an ICD and 57 patients had a pacemaker device, and 27 (25.2%) patients had needed at least one replacement. Due to the fear of causing problems with the CIED system, ipsilateral upper extremity movement was over-restricted in 35 patients (32.7%) according to the physician instruction a week after the implantation procedure. Disability of the affected extremity was determined in 17 (15.8%) patients who had a limitation of shoulder ROM in at least in one direction. Peri-incisional paresthesia in the subclavicular region was determined in 30 patients (28%) and the sulcus sign was positive in 25 patients (23.3%).
The demographic data of the patients and CIED characteristics are presented in The CIED type or mode, the number of replacements, battery volume, battery-clavicle distance and incision length are presented in Table 1 . After the patients are divided into two groups depending on the presence of disability of the upper extremity, the characteristics of patients with CIED are presented in Table 2 . The CIED type was ICD for 9 (53%) and pacemaker for 8 (47%) patients in the group of shoulder disability. The mean weight of battery was 57.9 ± 28.3 g for the patients with shoulder disability and 46.9 ± 26.3 g for patients with non-disability. The right side was the placement side of CIED for 7 (41.1%) and 51 (56.6%) patients of the disability and nondisability groups, respectively.
| Functional evaluation
There was no statistically significant difference between the 2 groups in any of the VAS scores (VAS-rest P = 0.10, VAS-activity After exclusion of the left-hand dominant patients (5 patients in the IDH group and 8 patients in the CDH group) maximum isometric grip strength on the side of the CIED was re-analyzed in comparison with the contralateral hand. Thus, the new groups were composed of right-arm dominant patients with right-side CIED or left-side CIED (Table 4) . No statistically significant difference was determined in the median maximum isometric grip strength of the left hands and the maximum isometric grip strength of the right hand was different between the two groups. In the right-side CIED group, the maximum iso- Range of motion limitations for flexion and abduction were higher in the arm on the side of the CIED compared with the control arm on the other side. However, the differences in the ROM between in the arm on the side of the CIED and control arm were similar in both groups (Table 5 ).
| D ISCUSS I ON
Left pectoral implantation is the standard for ICD device placement to secure a lower defibrillation threshold. It is necessary to insert the ICD devices on the right side if there is thrombosis, infection, or retained leads on the left side. TA B L E 2 Characteristics of patients and cardiac implantable electronic devices after the patients are divided into two groups according to the presence of disability of the upper extremity previous study that has examined upper extremity function related to the dominant or non-dominant side in patients with CIED.
An overlooked complication of device implantation is shoulder pain and disability after the implantation procedure. Shoulder problems occur for various reasons in the first months after implantation:
(a) a slower physiological recovery caused by a lower degree of physical activity in ICD carriers, (b) self-restriction from fear of causing problems with the CIED system, and (c) an implantation technique which requires a submuscular pocket. However, the persistence of shoulder impairment that is related to shoulder motion in the long term may be explained by the direct effect of the device on the shoulder, because patients get used to the device with time and the recovery process will be completed with daily activities even without a special exercise regime. Shoulder impairment in patients with CIED could be attributed to muscle weakness, muscular imbalance of the ipsilateral shoulder girdle and adhesive capsulitis because of prolonged immobilization, or restriction of shoulder movements.
10
Korte et al followed 50 patients with ICD and reported shoulderrelated problems in at least 60% of the patients 3 months after the procedure. 16 Diemberger et al reported that 60% to >75% of ICD implantation patients suffered shoulder impairment in the first 2 weeks who tended to recover within 3 months in the vast majority of subjects.
17
Limitation in shoulder ROM is one of the important components of shoulder impairment. Korte et al reported that 8% of the patients had restricted shoulder ROM at different degrees at 12 months after the procedure. 16 Diemberger et al showed that 28% of the ICD patients had ROM limitation at 3 months after the procedure. Pain in the implantation site due to the placement procedure is common and can be treated with analgesics. Pain may also be related to activities. In a study by Daniels et al, shoulder pain was assessed after implantation and in the control group the mean VAS score was <1.0 at the 6 month follow-up examination. 18 In the current study, pain was assessed using VAS at rest, activity and sleep.
The mean VAS-rest, VAS-activity, and VAS-sleep scores were low and these data were comparable with the above-mentioned study.
However, it must be emphasized that pain in the affected-side shoulder is not a common complication in the long term especially after 6 months. Moreover, there was no significant difference between Nevertheless, Peters et al found no significant difference in GAS between the dominant and non-dominant hand. 24 In the current study, the maximum isometric grip strength was found to be significantly lower in the left hand compared with the right hand in the right-side dominant patients with CIED on the left side.
Moreover, the maximum isometric grip strength was not found to be significantly different between the left and right hands in the right-side dominant patients with CIED on the right side. The differences may be explained by muscle weakness and imbalance in the rotator cuff and scapula, with earlier recovery of the dominant arm more likely since patients tend to use the dominant arm earlier in daily activities rather than the non-dominant arm. Also, it could be related to device size as there is a preponderance of ICDs in the contralateral implants.
Although the study population size can represent a limitation, it should be underlined that this is the first study in this field. Another limitation is that evaluation was made of patients fitted with different cardiac devices such as ICD and pacemaker and patients required the devices for different clinic reasons. Also, ICD tends to be implanted on the left side because of the defibrillation threshold.
Nevertheless, the aim of the current study was to explore whether 
| CON CLUS IONS
The results of this study indicate that CIED placement on the dominant side has no effect in terms of pain, ROM and disability in the involved upper extremity. In addition, placing the CIED on the non-dominant side or dominant side was seen to have no effect on the daily activities of the shoulder, arm and the hand in the long term. Nevertheless, handgrip strength was found to be different in patients with CIED placement on the non-dominant side compared with the dominant side. There is a need for further extensive, randomized, controlled studies to confirm these findings.
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